Current climate change is a major threat to biodiversity. Species unable to adapt or move will face local or global extinction and this is more likely to happen to species with narrow climatic and habitat requirements and limited dispersal abilities, such as amphibians and reptiles. Biodiversity losses are likely to be greatest in global biodiversity hotspots where climate change is fast, such as the Iberian Peninsula. Here we assess the impact of climate change on 37 endemic and nearly endemic herptiles of the Iberian Peninsula by predicting species distributions for three different times into the future (2020, 2050 and 2080) using an ensemble of bioclimatic models and different combinations of species dispersal ability, emission levels and global circulation models. Our results show that species with Atlantic affinities that occur mainly in the North-western Iberian Peninsula have severely reduced future distributions. Up to 13 species may lose their entire potential distribution by 2080. Furthermore, our analysis indicates that the most critical period for the majority of these species will be the next decade. While there is considerable variability between the scenarios, we believe that our results provide a robust relative evaluation of climate change impacts among different species. Future evaluation of the vulnerability of individual species to climate change should account for their adaptive capacity to climate change, including factors such as physiological climate tolerance, geographical range size, local abundance, life cycle, behavioural and phenological adaptability, evolutionary potential and dispersal ability.
Introduction
Anthropogenic driven climate change is evident and for the next two decades a warming of at least 0.2 1C per decade is projected (IPCC, 2007) with associated changes in precipitation patterns. Throughout the history of Earth, climate has changed and species have coped and adapted to these changes, but current climate change is threatening biodiversity because it is fast compared with most past changes (Thomas et al., 2004) . Current climate warming was considered the second most important threat to terrestrial biodiversity, only exceeded by land-use change (Sala et al., 2000) .
Climate change have been reported to affect many aspects of populations: physiology, distribution, phenology, behaviour and propensity for local extinction (Hughes, 2000; McCarty, 2002; Walther et al., 2002; Root et al., 2003; Parmesan, 2006) . Species may be able to adapt to climatic changes via ecological (Root et al., 2005) or evolutionary processes (Bradshaw & Holzapfel, 2006; Skelly et al., 2007) . However, species unable to achieve a sufficient level of adaptation will likely face local or global extinction and this is more likely to happen to species with restricted climate and habitat requirements, limited dispersal abilities and ectothermal physiology (Walther et al., 2002; Thomas et al., 2004; Massot et al., 2008) .
Amphibians and reptiles are considered one of the most vulnerable taxonomic groups to climate change (Gibbons et al., 2000; Carey & Alexander, 2003; Araú jo et al., 2006; Wake, 2007) . Climate warming is projected to induce (a) changes in abundance; (b) fragmentation of suitable habitats; (c) changes in the timing of lifecycle events, such as hibernation, aestivation and breeding (Blaustein et al., 2001; Chadwick et al., 2006) and (d) the spread of agents of infectious diseases such as the chytridiomycete fungus (Pounds et al., 2006; Bosch et al., 2007; Wake, 2007) . The interaction of these impacts causes disruptions in population and metapopulation dynamics, which ultimately may lead to changes in distribution.
The impact of global warming on biodiversity is likely to be more severe in regions rich in endemic species that are also predicted to be affected by dramatic climatic changes. The Mediterranean Basin is a particularly susceptible region: it is a biodiversity hotspot holding many endemic species (Médail & Quézel, 1999; Myers et al., 2000; Mittermeier et al., 2005) and climate predictions for this region include a substantial rise in temperature and a drastic drop in rainfall, contributing to desertification (MIO-ECSDE, 2003) . The synergistic effect of climate change with other threats to biodiversity makes this region one of the most vulnerable in the world (Sala et al., 2000) .
The Iberian Peninsula, in particular, is a Mediterranean sub-region with many endemic species. The high biodiversity derives from the fact that this area was one of the major glacial refugia in Europe during the Pleistocene (Hewitt, 1996) and a diversification centre afterwards (Gó mez & Lunt, 2006; Pinho et al., 2007) . Biodiversity richness in this area is also influenced by the climatic heterogeneity, as the climate transition between Atlantic and Mediterranean allows the cooccurrence of species with African and Euro-Siberian affinities, which means that the Iberian Peninsula is a biogeographic crossroad (Spector, 2002) .
In face of climate change challenges, conservation organizations are being asked to take proactive measures to mitigate impacts on biodiversity. To select appropriate measures, we need to be able to predict the impact of climate change on biodiversity and evaluate the ability of biodiversity to adapt to those impacts. The combination of this information can be used to determine biodiversity vulnerability, which in turn becomes the basis for prioritizing species and defining management strategies (Kareiva et al., 2008) .
Species distribution models (SDMs) are frequently used to assess the impacts of climate change on species distributions (e.g. Araú jo et al., 2006) . These statistical tools relate present day distributions with current environmental conditions and then use future potential climate conditions to predict future species distributions (Pearson & Dawson, 2003) . Predicting the impacts of climate change on species is a challenging task because SDMs include parameters with many sources of uncertainty (Webster et al., 2002 ) mostly related to: (a) the statistical tool used for modelling species distributions; (b) the global circulation models (GCMs) used to predict future climate conditions (Thuiller, 2004; Pearson et al., 2006; Beaumont et al., 2008) and (c) uncertainty derived from scale effects (Seo et al., 2009) . Recently, advances in SDMs have made it possible to significantly reduce prediction uncertainties. For example, several robust statistical modelling methods have been developed to predict species distributions (see Elith et al., 2006 for review), while advanced methodologies in ensemble forecasting allow us to overcome the problem of variability in predictions made by different modelling techniques or different GCMs Araú jo & New, 2007; Marmion et al., 2009) . Additionally, climate predictions have been improved at smaller spatial scales (Hijmans et al., 2005) .
In this study, we will evaluate potential impacts of climate change on the distribution of amphibians and reptiles in the Iberian Peninsula. We focus on endemic and nearly endemic species, the later defined as species that have approximately more than two thirds of their entire range in the Iberian Peninsula. We then use information about species adaptability and vulnerability to make conservation recommendations.
Araú jo et al. (2006) identified the Iberian Peninsula as one of the areas in Europe where amphibians and reptiles are likely to undergo major contractions in their ranges. Therefore, a detailed analysis of the Iberian Peninsula at a scale appropriate for establishing management strategies is urgently needed. We complement Araú jo et al.'s (2006) European-wide research by providing a more detailed analysis of the impact of climate change on amphibian and reptile's distribution within the Iberian Peninsula. In particular, we used the most recent distribution data which are geographically more detailed than the one used in Araú jo et al. (2006) (10 Â 10 km in opposition to 50 Â 50 km) and incorporate recent taxonomic discoveries, that significantly increases the number of endemics (21 species vs. 12 species). Additionally, we project species ranges to three times in the future (2020, 2050, 2080 instead of 2050 only), which may assist conservation decision making in terms of prioritizing the allocation of conservation funds through time.
We provide specific recommendations to conservation practitioners for enhancing the probability of species persistence by answering the following questions: In the Iberian Peninsula, which endemic and nearly endemic amphibian and reptile species are predicted to lose and gain suitable habitat in the future? For species predicted to lose suitable habitat, is the loss rate constant throughout time or are there more critical periods? Which areas will be more impacted by species loss? Which species should be under priority conservation action? Which conservation measures are most likely to increase the probability of species persistence? , it includes the continental territories of Portugal and Spain. It is bordered to the south and east by the Mediterranean Sea and to the north and west by the Atlantic Ocean. The Pyrenees and the Strait of Gibraltar separate most of the region from the remainder of Europe and Africa, respectively (Fig. 1) . The dominant climate type of the region is Mediterranean, but the north and northwest of the Iberian Peninsula and the major mountain systems are characterized by an Atlantic climate.
Methods

Study area
Species and distribution data
Distribution data for 37 endemic and nearly endemic species (15 amphibians and 22 reptiles) were collected from the most recent herpetological atlases of Portugal (Loureiro et al., 2008) and Spain (Pleguezuelos et al., 2002) , which are referenced to the UTM grid of 10 Â 10 km. Taxonomy was defined according to the most recent revision of the taxonomic list in Carretero et al. (2009) . We excluded from our analysis records from the Portuguese atlas for Triturus marmoratus because that data does not distinguish between T. marmoratus and T. pygmaeus. We followed the same method for Portuguese records of Pelodytes punctatus because they represent two species: P. punctatus and P. ibericus. Our data contained only two records of Iberolacerta martinezricai so we were unable to develop a plausible predictive model.
Climate data
Current bioclimatic data were downloaded from WorldClim database (Hijmans et al., 2005) which is a set of global climate layers generated through interpolation of climate data from weather stations. We used nine variables that were not tightly correlated with each other (with a Pearson's correlation coefficient between them lower than 0.75): temperature seasonality, maximum temperature of warmest month, minimum temperature of coldest month, temperature annual range, annual precipitation, precipitation of wettest month, precipitation of driest month, precipitation seasonality and altitude. All variables were downloaded in a 2.5 arc-minute resolution. We converted these data to match with the same grid format as the species distribution data by averaging the variable's values inside each grid cell.
We used future climate data for three GCM (CCCMA, HADCM3 and CSIRO) and two IPPC third assessment storylines (A2 and B2). The IPCC storylines describe the relationships between the forces driving greenhouse gas and aerosol emissions such as demographic, social, economic, technological and environmental developments (IPCC-TGICA, 2007) . The two storylines used for this study assume regionally oriented economic growth, with population and economic growth being higher in A2 than B2. Future climate data were downloaded from WorldClim, for three different future years (2020, 2050 and 2080) creating six storyline-GCM combinations for each future year. We downloaded monthly averages of maximum and minimum temperatures and total precipitation and calculated the bioclimatic variables according to the same methodology used to calculate them for current climate conditions (Hijmans et al., 2005) . 
Species distributions: current predictions and future projections
We used a set of nine modelling techniques to predict the distribution of each of the 37 species in four different times (current, 2020, 2050 and 2080) : Maximum Entropy (MXT), Generalized Linear Models (GLM), Generalized Additive Models (GAM), Classification Tree Analysis (CTE), Artificial Neural Networks (ANN), Generalized Boosting Model (GBM), Breiman and Cutler's random forest for classification and regression (RF), Mixture Discriminant Analysis (MDS) and Multiple Adaptive Regression Splines (MARS).
To produce MXT models, we used MAXENT software (Phillips et al., 2004) . MAXENT estimates the range of a species with the constraint that the expected value of each variable (or its transform and/or interactions) should match its empirical average, i.e., the average value for a set of sample points taken from the species-target distribution (Phillips et al., 2006; Phillips & Dudik, 2008) . We used the default 'auto features' option, logistic output, the recommended default values for the convergence threshold (10
À5
) and the maximum number of iterations (500). The remaining eight models were built within BIOMOD . BIOMOD is a collection of functions running within the R software v. 2.8.1 (R Development Core Team, 2008) for ensemble forecasting of species distributions and a summary of model statistics is described in Thuiller et al. (2009) . The majority of model techniques requires data about presences and absences, thus we determined pseudo-absences for each species by using the 'random strategy' in BIOMOD. The number of selected pseudo-absences for each species was equal to the number of its occurrences, whenever possible. In cases where the number of locations where species was not recorded was less than the number of occurrences, we selected all nonoccurrences as pseudo-absences. All models were produced using default BIOMOD parameters where possible . Further parameters were as following: GLMs were generated using quadratic terms and a stepwise procedure with the AIC criteria. GAMs were generated with a spline function with four degrees of smoothing. ANNs were produced with two cross-validations. BIOMOD allows evaluation of model performance on different data split runs and then allows using 100% of the data to make a final calibration of the models for prediction. Thus, we randomly assigned 80% of occurrence data to train the model with the remaining 20% for testing. Each model was run 10 times to avoid bias resulting from randomly splitting the data into training and testing.
To evaluate the performance of individual models from each technique, we calculated the area under the receiver-operating characteristic curve (AUC) (Zweig & Campbell, 1993; Fielding & Bell, 1997) . For each of the 37 species, we produced nine models for the current time and climate (with different modelling techniques) and 54 models (combination of nine modelling techniques, three GCM and two storylines) for each of the three times in the future (2020, 2050 and 2080) , in a total of 171 models per species.
For each year in the future (2020, 2050 and 2080), we calculated an ensemble forecast for current time and for each IPCC scenario for the future (A2, and B2). For this purpose, we used weighted average consensus method based on AUC values, because this method is considered to significantly improve the predictive accuracy of single models (Marmion et al., 2009) . Thus, AUCs values of each model technique were assigned the weights of the weighted average in order to enhance contributions of those models with higher model performance values
where i is the index of the grid cell, m is the model technique and p is the probability of occurrence of the species (according to model m in grid cell i).
To investigate if species ranges were predicted to contract or expand, we needed to convert the consensus forecasted probabilities of occurrence in each year to a binary value of predicted presence/absence. For each model technique, we calculated the threshold of the receiver-operating characteristic curve that maximizes both correctly predicted presences and absences, relative to the evaluation data (Liu et al., 2005) . Subsequently, we determined a consensus threshold (C T ) by calculating the weighted average threshold, assigning the AUC value of each model as a weight
where m is the model technique and t m is the optimized threshold of model m.
Potential range shifts of each species and time period were measured under two extreme dispersion scenarios: unlimited dispersal (scenario D), assuming that species can disperse to any grid cell with suitable habitat, and no dispersal (scenario ND), assuming that species are not capable to disperse even if suitable habitat is available. To predict species presence under the D scenario, we transformed the consensus probability value in each grid cell into 0 if it was lower than CT and to 1 if it was equal to or higher than CT. To predict species presences under the ND scenario, we transformed predicted presences to absences in grid cells where species is not presently predicted to occur. We evaluated the degree of uncertainty of projections for each year and scenario by calculating the standard deviation of predicted occurrence of species by grid cell.
Subsequently, we calculated predicted species richness in each grid cell for the three future periods. Future species richness was estimated by summing the number of species predicted to occur in each grid cell under each of the storylines and the dispersion scenarios. Species turnover (T) is the dissimilarity index between the present and future species composition of a given area. It accounts both for species gain and losses and its relation to the overall number of species occurring in the grid cell in present and future. Thus, a turnover value of 0 indicates that the predicted assemblage in the future would be the same as the current assemblage, whereas a turnover value of 100 indicates that the assemblage would be completely different under climate change. To determine it, we first calculated the number of species lost (L), i.e., the number of species predicted to lose suitable habitat in each grid cell, and the species gain (G), i.e., the number of species predicted to gain suitable habitat in each grid cell. Percentage of species turnover by grid cell was then calculated according to the following equation:
where SR is the current predicted species richness.
Results
Model predictions within different modelling techniques, GCMs, and storylines showed high variability in the projection of range shifts, with most species being projected to both lose and gain suitable habitat, depending on the scenario (supporting information A1 and A2). However, when analysing the ensemble model results (Tables 1 and 2 ), we found that 46% of the species are consistently predicted to have a smaller distribution in both storylines (nine amphibian species and eight reptile species), 28% of the species are consistently predicted to have a larger distribution (three amphibian species and eight reptile species) and the remaining species show increases and decreases depending in the time period and storyline. For example, Algyroides marchi is predicted to have a smaller distribution until 2050 and then increase its distribution by 2080, while, Alytes cisternasii and Lissotriton boscai are predicted to have a larger distribution until 2020 and then have a smaller distribution. Several species are predicted to lose a significant fraction of their current range (Fig. 2) and 10 species are predicted to lose their entire suitable distribution at some time in both storylines. Three other species are predicted to lose all suitable range in one of the storylines only (Table 3) . Surprisingly, five to 10 of the 13 species that are predicted to lose all their suitable distribution lose it by 2020 (Table 3) . Additionally, nine of these species are also threatened by other causes, and currently considered 'critically endangered', 'endangered' or 'vulnerable', in Portuguese or Spanish red data books (Tables 1 and 2 ).
If we assume that species have no ability to disperse, 34 species are predicted to contract their distribution and 10 species are predicted to completely lose their entire distribution in both storylines.
It is noteworthy that for species predicted to have a smaller distribution in the future, both the magnitude of contraction and the rate of contraction differ between species (Fig. 3) . While for most contracting species, the rate of range contraction is greater now (until 2020), for some species there is almost a constant rate of predicted distribution loss (e.g. Rana iberica), while for a minority of species the period of greatest contraction is later (e.g.
Psammodromus algirus).
Predicted patterns of species richness are substantially different between the two dispersion scenarios, but higher species richness was commonly predicted in south-western Iberian Peninsula, the Central System mountain range and Morena Mountains (Figs 4 and 5) . Major species gain, in the unlimited dispersion scenario, was predicted for the central plateaus, the centralwestern coast of the Iberian Peninsula, and the Cantabrian Mountains (Fig. 6 ). Major loss of species ranges is predicted for the Atlantic climate regions, mostly along the northwest of the Iberian Peninsula and the main mountain ranges, such as the Central System and the Morena Mountains (Fig. 6 ). Spatial patterns of predicted species richness are similar in both storylines, although storyline B2 predicted slightly higher species losses for 2020 and storyline A2 predicted higher species loss for 2080 (Figs 4 and 5).
Discussion
Main findings and relation with previous projections
Our results suggest that climate change might have serious impacts on the distribution patterns of the endemic and nearly endemic amphibians and reptiles of the Iberian Peninsula, particularly for species with Atlantic climate affinities such as Chioglossa lusitanica, R. iberica and Vipera seoanei and particularly high altitude species with Atlantic climate affinities such as, Rana pyrenaica, I. monticola, I. aranica, I. aurelioi and I. bonnali. It is also possible that other species may be more affected by climate change than predicted by the models, such as I. cyreni. This species is an endemic with a current range restricted to the Gredos Mountains in Spain. However, the ensemble model for this species predicted a current range much larger than probably the one where the species actually occurs. This indicates that predicted future range may also be overestimated. On the other side, models for P. ibericus, T. marmoratus and T. pygmaeus were built only based on Spanish records, although they also occur in Portugal. This methodological caveat may have conduced to an under estimation of current and future ranges of those species. Our analysis indicates that the most critical period for the majority of these species will be the next decade. This result emphasizes the need for immediate conservation action in the Iberian Peninsula to ameliorate the impact of climate change.
Previous macroscale studies have called attention to the vulnerability of biodiversity in the Mediterranean basin. This region was considered one of the most vulnerable in the world (Sala et al., 2000) and one of the biodiversity hotspots likely to undergo major losses due to climate change, along with the Cape Floristic Region, the Caribbean, Indo-Burma, Southwest Australia and the Tropical Andes (Malcolm et al., 2006) . The Iberian Peninsula is considered the Mediterranean subregion most likely to be affected by future climate change (EEA, 2004) . Our analysis confirm the vulnerability of species occurring in the Iberian Peninsula to climate change, but curiously, species with Atlantic climate affinities were predicted to be more affected by climate change then the Mediterranean ones. The Atlantic Fig. 2 Number of species predicted to gain or lose suitable habitat under different dispersion assumptions (unlimited dispersal and no dispersal) and storylines (A2 and B2), categorized by the percentage of range contraction or expansion relatively to present (x axis). Endemics and non endemics species are represented separately, with endemics representing species strictly endemic to the Iberian Peninsula and species endemic to the Pyrenean Mountains. Black columns represent species predicted to lose suitable habitat while white columns represent species predicted to gain suitable habitat. Our results are consistent with those found by Araú jo et al. (2006) , in the sense that climate change is predicted to cause a major contraction in the distribution of a considerable number of amphibian and reptile species in the Iberian Peninsula. However, our results revealed that major losses for endemic and nearly endemic species will occur in substantially different areas than the ones predicted by Araú jo et al. (2006) for the all amphibians and reptiles. We predict that the north-west of the region, the Central System and the Morena Mountains will lose many species in contrast to their results where there is expected to be species gain. The reasons for this difference may be our focus on endemic and nearly endemic species rather than all species, but it could also be differences in spatial scale or methods used to construct the ensemble models. Dissimilarities in areas predicted to gain species may also be related to the colonization of nonendemic or nearly endemic species and non Iberian species not included in our analysis. These divergent results highlight the importance of finer-scale analyses for areas identified as vulnerable in broader continental-scale studies.
Interestingly, a previous study of climate change threats to plant diversity in Europe (Thuiller et al., 2005) also identified the Iberian Peninsula as one of the European regions likely to undergo major species loss. Garzón et al. (2008) identified the north and northwest of the Iberian Peninsula and the main mountain ranges, as the Iberian areas likely to have the highest tree species loss, which is partially coincident with our results. Thus, if changes in vegetation communities are also predicted, it means that amphibians and reptiles will face a synergistic impact of climate and habitat change, which ultimately will also be coupled with the impact of changes in biotic interactions resulting from changes in the community of species. These results also suggest that the impacts of climate change on species ranges might be similar across different biodiversity groups that occur in the same area, which calls for the need to evaluate possible climate change impacts on those groups.
From predicted impacts (models) to vulnerability
Our dramatic predictions should be interpreted with caution given all the uncertainties in the process: the statistical methods used for modelling species distributions, the GCMs used to predict future climate conditions (e.g. Araú jo & New, 2007; Beaumont et al., 2008) , the scale of the analysis (Seo et al., 2009) , and specific dispersal abilities. Additionally SDMs disregard important biological parameters that ultimately are the determinants of species capability to adapt to climate change. Different modelling techniques, GCM and storylines provided fairly different results for the number of predicted occurrences of a species. The ensemble methodology allows us to distinguish the strongest signal emerging from the noise associated with different model outputs but it is not immune from uncertainty. Taking uncertainty into account, for example by using as an uncertainty measure the standard deviation of the total number of occurrences predicted by the different models for each species (Appendices S1 and S2), the most likely impact of climate change will be on species whose ranges are predicted to contract more (relatively to their current extent), or to become more restricted (considering their future absolute extent) with less uncertainty. For example, analysing only the year 2020 projections for storyline A2, species that fulfil both criteria are Discoglossus galganoi (considering the species whose ranges are predicted to contact more) and I. aranica, (considering the species whose ranges are predicted to become more restricted or disappear).
The scale of analysis may also be a relevant limitation in determining the impact of climate change, because the scale used does not account for microhabitat variability within sites. This constraint is quite relevant in the case of amphibians and reptiles because they might find suitable habitat, for instance, in small ponds, water tanks, below stones or underground (Kearney & Porter, 2009) . Also, the scale of the analysis probably obscures altitudinal microclimatic gradients which might allow species to move towards future suitable habitats without the need to disperse long distances.
Specific dispersal abilities may strongly determine the impacts of climate change on the future distribution of species. However, given that this parameter is difficult to determine for every species, we predicted future distributions under the assumptions of maximal and minimal possible dispersal ability for each species. We recognize that both of these assumptions are unrealistic, but they allow us to predict the largest and smallest possible future ranges. A more realistic prediction would probably be somewhere in the middle of these two extremes, but we cannot make an exact prediction with high level of certainty.
Assuming these limitations, we do not argue that species predicted to completely lose their distribution under our analysis will go extinct. Rather, we consider that the degree, the certainty and the time of predicted range contractions provides a relative measure of the magnitude of the impact of climate change on each species. Ultimately, the vulnerability of a species to a given impact will depend also on the species resistance, i.e., the ability of a species to withstand an environmental perturbation and resilience, i.e., the ability of a species to adapt and recover from a perturbation Williams et al., 2008) . Thus, prioritizing species for management actions would require a further analysis of the specific factors that determine resistance and resilience. In general, the species traits that are predicted to promote species resistance to climate change are physiologic climatic tolerance (Calosi et al., 2008) , geographical range size and local abundance.
Overall, reptiles are usually considered more resistant to global warming effects than amphibians because they have evolved a set of adaptations to water scarcity, such as eggs with calcareous shells (whereas amphibian eggs are enclosed by simple gelatinous membranes), and the excretion of metabolic wastes in the form of urea or uric acid, which is an adaptation to retain body water (Gibbons et al., 2000) . Additionally, most reptiles are not dependent on water for reproduction. Although more specific climatic tolerances might be difficult to determine, they may be inferred by morphological traits or by the complete climatic envelope of species. Also, the climatic envelope of phylogenetic-related species might provide some clues, if one considers niche conservatism (Hawkins et al., 2007) . For example, species belonging to clades that evolved under warm environments may be more tolerant to global warming.
Species with restricted ranges are relatively more vulnerable to climate change because contractions of their small range will not be balanced elsewhere. From this point of view, species with very restricted distributions predicted to completely lose suitable habitat in the Iberian Peninsula such as I. aranica, I. aurelioi, and R. pyrenaica may be more impacted by climate change than more widespread Iberian species such as L. boscai or Chalcides bedriagai.
Demographic parameters are also important factors in determining resistance to climate change (Keith et al., 2008) . Species with restricted ranges but with high local abundance may have more chances to adapt because genetic variation and potential response to selection pressures are positively correlated with population size. Thus, biological traits that regulate abundance, such as reproductive rates, age of female sexual maturity and life span length are also relevant. D. galganoi and Podarcis bocagei are species predicted to completely lose their range in the Iberian Peninsula but have high abundance and reproductive rate, and consequently will probably be less impacted by climate change than the others will.
The adaptive capacity (or plasticity) of a species describes the intrinsic ability of a species to adapt to changing conditions. Species might be able to adjust their behaviour and phenology by switching periods of daily activity, aestivation and hibernation towards more favourable climatic conditions (Parmesan, 2007) . Species might also be able to evolve traits that allow them to adapt to different climatic conditions (Harte et al., 2004; Bradshaw & Holzapfel, 2006) . Adaptation ability may be species-specific; however, the current knowledge is insufficient to determine which species are more able to adapt and further studies and monitoring are required to fully understand it.
Species might also adapt to novel climate conditions by dispersing to other areas (Thuiller, 2004; Massot et al., 2008) . Dispersion ability has been identified as one of the most decisive parameters in determining species resilience to climate change as species with greater dispersion ability may be able to track climate transitions. However this parameter is also one of the most difficult to determine. A growing body of literature proposes a vast collection of complex models to predict dispersion ability (reviewed by Thuiller et al., 2008) but these require detailed data on an array of ecological processes that usually are unavailable for large numbers of species.
A preliminary analysis of the model results and previous considerations indicate that species requiring more conservation attention under a climate warming perspective may be R. pyrenaica, R. iberica and Calotriton asper, within the amphibians, and I. aranica, I. aurelioi, I. bonnali and I. monticola within the reptiles. However, this does not mean that these are the most vulnerable species to extinction, because this evaluation is only based on vulnerability to climate change, and does not account for other threats or the interaction of climate change with other threats (Brook et al., 2008) . Particularly, climate change is likely to induce further habitat changes and fragmentation (due to shifts in plant species distribution and an increase in fire incidence) and the spread of agents of infectious diseases such as the chytridiomycete fungus which is already across the Iberian Peninsula (Garner et al., 2005) . These factors are already considered the primary threats to amphibians and reptiles, along with pollution, invasive species, road kills and genetic depression.
From vulnerability to conservation actions
Recommendations to address climate change impacts on biodiversity include a wide variety of measures, with the most popular being monitoring species (with emphasis on the physiological, behavioural and demographic response), restoring habitats and system dynamics, expanding reserve networks, performing assisted dispersal (Hoegh-Guldberg et al., 2008) , reducing other threats and increasing connectivity between suitable habitats (Heller & Zavaleta, 2009; Lawler, 2009) . Probably the most important questions for management are whether species will be able to adapt to future climate conditions without the need to disperse or, if not, if they will be able to disperse. Because these questions are difficult to answer with current knowledge, novel management tools that promote flexible decision-making are emerging, such as adaptative management (Kareiva et al., 2008) . Following this methodology, we recommend that monitoring should be directed at the most vulnerable species identified by our research. To infer species-specific conservation measures, the monitoring parameters should include: (a) physiological changes in thermal tolerances; (b) phenological adjustments, such as changes in aestivation and hibernation periods along the year; (c) behavioural thermoregulation changes, such as burrowing or adjustments in daily activity periods; (d) quantification of dispersal rates; (e) changes in population parameters, such as abundance, fertility and mortality (f) incidence of infectious diseases and (g) species interactions.
If species are not able to disperse, then management measures will be needed in order to assist local adaptation. Habitat restoration has been proposed as a proactive measure to enhance amphibian resilience to climate change. In particular, a denser network of ponds and water tanks has been recommended for amphibians (Blaustein et al., 2001) in Mediterranean areas. This measure, along with a careful control of river flow and water quality may increase the probability of amphibians to find suitable habitats during climate warming. Availability of freshwater habitats will be particularly important in the regions predicted to have high species loss, the northern Iberian Peninsula and main mountain systems, but also in extreme southern regions (Beja & Alcazar, 2003) .
Assisted colonization has been suggested, as a measure to assist climate change adaptation (Mueller & Hellmann, 2008; Cheddadi et al., 2009 ). This triggered intense debate (McLachlan et al., 2007) because translocation of species originated catastrophic impacts in many existing cases. However, assisted dispersal is particularly relevant for amphibians and reptiles due to their low dispersal ability, and therefore we cannot disregard this management possibility under an extreme probability of extinction scenario. However, we agree with (Hoegh-Guldberg et al., 2008) in that assisted dispersal should only be considered for a given species if at least one of a set of assumptions is met, namely: (a) the species should be in immediate risk of extinction; (b) species should have low dispersal ability and (c) the species range should be highly fragmented. Moreover, those authors suggest that translocations should only be undertaken within biogeographic regions, i.e., regions that share similar species composition, and an assessment of translocation risks should be performed previously, including ecological and socio-economical risks. Translocation risk should subsequently be balanced against those of extinction and safeguarded by detailed scientific understanding.
Protected areas have long been considered one of the most effective tools to conserve biodiversity (Rodrigues et al., 2004) , but their effectiveness in securing species under rapid climate change is uncertain (Araú jo et al., 2004) . However they contribute to minimizing threats such as, habitat destruction and fragmentation, road kills and pollution, which ultimately may assist to protect species threatened by climate warming. Therefore, it is important to evaluate if present protected areas would be effective in securing species given their predicted range shifts and whereas there is habitat connectivity between current and future species distributions. This could be achieved using reserve selection algorithms (e.g. Moilanen et al., 2009) , which allow the identification the minimum set of areas necessary to represent all species at a given target. Ultimately, the ability of species to adapt to climate change within nature reserves will depend on the management actions undertaken in each of them. Reserve selection algorithms may also assist in identifying areas within nature reserves where the return of the management investment will be greater for a higher number of species.
If species are able to disperse to new habitats, than management actions will be needed to facilitate dispersal, including the increase of habitat connectivity, in particular of freshwater habitats.
Finally, biodiversity conservation can only be successful under climate change scenarios if socio-economical and environmental policies are integrated and if governments cooperate. Although climate change is a global issue, there is a tendency for actions to be taken by governments individually or by local administration, even with a common European environmental policy. It is recommended that the Portuguese and the Spanish governments embark on joint efforts to conserve Iberian biodiversity, particularly Iberian endemics.
